Research points to postprandial glucose and TAG measures as preferable assessments of cardiovascular risk as compared with fasting values. Although elevated postprandial glycaemic and lipaemic responses are thought to substantially increase chronic disease risk, postprandial glycaemia and lipaemia have historically only been considered separately. However, carbohydrates and fats can generally 'compete' for clearance from the stomach, small intestine, bloodstream and within the peripheral cell. Further, there are previous data demonstrating that the addition of carbohydrate to a high-fat meal blunts the postprandial lipaemic response, and the addition of fat to a high-carbohydrate meal blunts the postprandial glycaemic response. Thus, postprandial glycaemia and lipaemia are interrelated. The purpose of this brief review is 2-fold: first, to review the current evidence implicating postprandial glycaemia and lipaemia in chronic disease risk, and, second, to examine the possible utility of a single postprandial glycaemic and lipaemic summative value, which will be referred to as the metabolic load index. The potential benefits of the metabolic load index extend to the clinician, patient and researcher.
Meal consumption, particularly meals that are high in fat, processed sugars and total energy content, results in transient elevations in blood glucose and lipids. These elevations, termed postprandial glycaemia and lipaemia, respectively, have both been linked to the progression of CVD, primarily through a resultant rise in oxidative stress, inflammation and endothelial dysfunction (1, 2) . Thus, exaggerated postprandial glycaemia and lipaemia, if experienced several times per day, represent a clear metabolic challenge to homoeostasis. Individuals in Western society are thought to spend most of their waking hours in the postprandial state (3) , and thus in a near-constant state of postprandial challenge, which could be amplified to prolonged dysmetabolism in the case of individuals at risk for metabolic disease. Hence, recent research has been devoted to better understand how the body, in health and disease, handles these metabolic excursions. Typically, postprandial glycaemic and lipaemic responses are characterised by measuring blood glucose and TAG serially for a given amount of time after a meal and, from these data, calculating AUC. Although these methods are effective in characterising the glycaemic and lipaemic responses independently, previous efforts have not considered them simultaneously. However, meals typically contain both carbohydrate and fat, as well as some protein; thus, it may be worthwhile to consider the summative metabolic response of both carbohydrate and lipids, as opposed to simply focusing on just one or the other. This brief review will first consider postprandial glycaemia and lipaemia independently in relation to metabolic status and CVD risk, followed by a discussion of the potential utility of a postprandial metabolic load index (MLI) that combines glycaemia and lipaemia together, indicating total circulating energy availability.
Blood glucose and metabolic status/risk

Fasting blood glucose, glycated Hb and cardiovascular risk
Assessment of long-term glucose control via glycated Hb (HbA1c) or fasting glucose levels is commonly used as a valuation of cardiovascular and diabetic risk (4) . This practice is based on several epidemiological studies linking HbA1c levels or impaired fasting glucose to heart or vascular disease (5, 6) . For example, the United Kingdom Prospective Diabetes Study found that mean HbA1c over time in the cohort was a valuable predictor of ischaemic heart disease (5) . Specifically, the data showed that for every 1 % increase in HbA1c there was an approximately 10 % increase in heart disease risk (5) . With regard to fasting glucose levels, a meta-analysis of nearly 700 000 people found that fasting blood glucose was modestly and non-linearly associated with vascular disease in diabetic individuals (6) . Finally, an epidemiological study in US adolescents also found a link between impaired fasting glucose and CVD risk factors, including high fasting insulin, total and LDL-cholesterol, TAG, systolic blood pressure and low HDL-cholesterol (7) . Thus, fasting glucose and HbA1c measures are considered by some to be valuable screening tools for type 2 diabetes and indeed are commonly used in clinical environments. However, it is interesting to note that early in the development of type 2 diabetes postprandial glucose tolerance plays a large role, whereas fasting glucose plays a more substantial role later in the disease process (8) . In other words, derangements in fasting blood glucose take longer to develop, whereas impairments in post-challenge glucose tolerance could be observed earlier.
Post-challenge/postprandial blood glucose and cardiovascular risk: epidemiological studies
In contrast to impaired fasting glucose, there are substantial data suggesting that impaired glucose tolerance should be preferentially considered when assessing chronic disease risk (9, 10) . To support this, Tominaga et al. (9) found that survival rates in frank diabetes and impaired glucose tolerance were significantly lower than individuals with impaired fasting glucose, and further concluded that impaired glucose tolerance was a risk factor for CVD, but impaired fasting glucose was not. This finding was also supported by Blake et al. (10) who followed 937 non-diabetic individuals for nearly 10 years and found that impaired glucose tolerance was phenotypically different from impaired fasting glucose, and is associated with increased presence of CVD risk factors. Further, the authors reported that individuals with impaired fasting glucose had CVD risk factors that were similar to individuals with normal glucose tolerance, further weakening the apparent utility of fasting glucose as a measure of CVD risk (10) . A common way to assess glucose tolerance is the oral glucose tolerance test (OGTT), in which a plasma glucose measurement is made 2 h after the ingestion of a standard glucose load, typically 75 or 100 g (11) . There are numerous studies linking 2-h glucose levels following an OGTT with CVD risk (12) (13) (14) . The
Chicago Heart Study found that 2-h post-challenge glucose predicted all-cause mortality in a cohort of 11 554 white men and 666 black men (13) . Similarly, results from the DECODE (Diabetes Epidemiology: Collaborative analysis of Diagnostic criteria in Europe) study indicated that high blood glucose following an OGTT was associated with an increased risk of death, independent of fasting glucose (14) . Finally, the Helsinki Policeman Study, Paris Prospective Study and the Whitehall Study all found that all-cause and CHD mortality was predicted by 2-h post-challenge glucose following an OGTT (15) (16) (17) (18) .
There are certainly drawbacks to the use of the OGTT to assess glucose tolerance and subsequent CVD risk. Consumption of 75-100 g of pure glucose rarely happens in daily life, and thus it does not perfectly simulate the real-life glucose challenges faced daily by many people. Further, the extent of glycaemia experienced following a meal is dependent on the entire contents of the test meal challenge. Hence, to better understand how the body tolerates glucose, it is important to challenge the metabolic system with a test meal that is representative of that experienced during daily living, such as a mixed meal. For this reason, some studies have utilised test meals that include fat and protein when assessing the glycaemic response and subsequent CVD risk (19, 20) . Similar to studies using OGTT, the Diabetes Intervention Study found that the postprandial glycaemic response to a mixed meal was a significant predictor of CHD (19) . There is evidence that the glucose response seen following an OGTT is very similar to a mixed meal (in this case, consisting of wafers, rapeseed oil and honey), which suggests that the OGTT may have utility in assessing glucose tolerance, despite its apparent drawbacks (20) .
Thus, the glucose response to an OGTT may potentially be used as a proxy for, but is not identical to, true-to-life postprandial glycaemia (2) .
Post-challenge/postprandial blood glucose and cardiovascular risk: intervention studies
An important intervention study connecting postprandial/postchallenge hyperglycaemia to CVD risk is the STOP-NIDDM (Study to Prevent Non-Insulin Dependent Diabetes Mellitus) trial (21) . Results from the STOP-NIDDM trial show that treatment of individuals with impaired glucose tolerance with acarbose, an α-glucosidase inhibitor that specifically reduces post-challenge glycaemia, is associated with a substantial (36 %) reduction in the likelihood of progressing to overt diabetes (21) . In addition, acarbose treatment was associated with a 34 % risk reduction of developing hypertension and a 49 % risk reduction for developing cardiovascular events (21) . Finally, in a subgroup of participants in which carotid intima media thickness was measured, treatment with acarbose was associated with a significantly attenuated progression of intima media thickness compared with the control group (22) . This work was subsequently supported by a meta-analysis that indicated a significant reduction in cardiovascular events following acarbose treatment in diabetic individuals, even after consideration of other risk factors (23) . Another important intervention study by Esposito et al. (24) investigated the effects of two insulin secretagogues (compounds that promote insulin secretion) repaglinide and glyburide, which have differing effectiveness on hyperglycaemia (with repaglinide being more effective), on surrogate measures of atherosclerosis. After 1 year, 52 % of diabetic patients receiving repaglinide and 18 % of participants receiving glyburide displayed carotid intima media thickness regression (24) . Further, C-reactive protein and IL-6, both markers of systemic inflammation, decreased more in the repaglinide group than in the glyburide group (24) . These findings suggest a direct link between postprandial/post-challenge glucose intolerance and CVD.
Mechanisms behind blood glucose and cardiovascular risk
How may post-challenge hyperglycaemia and CVD be mechanistically linked? First and foremost, glucose intolerance is typically a feature of insulin resistance (25) . Insulin resistance may result in deterioration of metabolic homoeostasis in terms of both glucose and circulating NEFA (25) . Not only do type 2 diabetes patients experience impaired clearance of glucose by insulin they are also resistant to insulin-induced suppression of NEFA release (26) . If not controlled, the elevated NEFA levels will precipitate elevated hepatic glucose production (27) . The increased hepatic glucose production in combination with reduced insulinstimulated glucose uptake produces a spike in blood glucose levels (25) . The elevation of both fasting and postprandial glycaemia results in numerous adverse outcomes (Fig. 1) .
To start, diabetic individuals typically experience endothelial dysfunction early in the disease process (28) . Specifically, the vasodilatory response is not only diminished in diabetics but is also related to glycaemic control (28) , which is supported by findings from in vivo studies demonstrating that hyperglycaemic spikes induce endothelial dysfunction in both normal and diabetic subjects (29, 30) . Similarly, there are data showing that during the postprandial period in diabetic participants decreased flow-mediated dilation is negatively associated with the extent of postprandial glycaemia (31) . In addition, rapid upsurges of glucose result in non-reversible glycosylation of proteins (32) . These advanced glycosylated end products bind to endothelial smooth muscle receptors, precipitating increased endothelial permeability and vascular smooth muscle cell proliferation (2, 32) . Additional avenues by which postprandial hyperglycaemia may be mechanistically linked to CVD are increased blood coagulation and/or thrombosis. When hyperglycaemia is induced experimentally, there is an increase in platelet aggregation (33) , fragments of prothrombin (34) and a shortening of the half-life of fibrinogen (35) . There also may be an immune and inflammatory component to postprandial hyperglycaemia. Increases in TNF-α and IL-6 have been shown to occur both in the context of postprandial hyperglycaemia (36) and with a hyperglycaemic clamp (37) . In addition, circulating levels of intracellular adhesion molecule-1 (ICAM-1) have been demonstrated to increase substantially following post-challenge glycaemia, suggesting activation of one of the most proximal steps of the atheromatous lesion process (38) . Finally, LDL oxidation is known to increase in type 2 diabetic patients after meal consumption and is inversely proportional to the degree of metabolic control (39, 40) . Collectively, these findings provide support for the notion of direct metabolic and physiologic links between postprandial/post-challenge hyperglycaemia and CVD risk.
TAG and metabolic status/risk
Fasting TAG and CVD risk Similar to fasting blood glucose, elevated fasting TAG levels are typically thought to be a risk factor for CVD. However, the data supporting this relationship are somewhat equivocal. It appears that, unlike HDL-cholesterol and LDL-cholesterol for which there are strong, consistent relationships with cardiovascular risk (41) , the data do not clearly reveal fasting TAG to be an independent risk factor for CVD. For example, the relationship between TAG levels and cardiovascular risk, although significant in univariate analyses, sometimes disappears or weakens in multivariate analyses that control for HDLcholesterol (42) . In addition, measurement of TAG, clinically or experimentally, can fluctuate greatly based on recent dietary composition, physical activity or weight status (42, 43) . However, some evidence does point to the utility of measuring fasting TAG in order to assess cardiovascular risk (44, 45) . First, the Copenhagen Male Study, which featured an 8-year follow-up of nearly 3000 middle-to older-aged men, found that men in the middle and highest tertile groups of fasting TAG levels had an increased risk for ischaemic heart disease, as well as a risk gradient based on TAG levels, even after being stratified for HDLcholesterol (44) . Intriguingly, the middle and highest tertiles of TAG levels displayed relative risks for ischaemic heart disease of 1·5 and 2·2, respectively, compared with the lowest tertile, even after consideration of LDL-cholesterol, HDL-cholesterol, physical activity, hypertension, type 2 diabetes, smoking, BMI and age (44) . Further, a meta-analysis that included 46 413 men and 10 864 women across seventeen population-based, prospective studies found that elevated TAG levels were associated with an approximately 30 % increase in CVD risk in men and an approximately 75 % increase in women (45) . Although controlling for HDL-cholesterol and LDL-cholesterol indicated a lowered associated risk between TAG and CVD, having elevated TAG levels was still a statistically significant risk factor.
Postprandial TAG and CVD risk
Although the clinical and experimental utility of measuring fasting TAG remains equivocal, there is substantial evidence suggesting that the transient, extensive rise in blood lipids (namely, TAG) following a meal can have direct atherosclerotic effects (46) . Thus, postprandial lipaemia is considered by many to be an independent CVD risk factor (2, 47) . First, whereas the relationship between fasting TAG levels and cardiovascular risk can be confounded by HDL-cholesterol levels (42) , there are data demonstrating that as TAG increase in the postprandial period there is a related decrease in certain HDL-cholesterol subfractions (48) . Furthermore, postprandial levels of certain TAG-rich lipoprotein subfractions (particularly, small chylomicron remnants) were found to be correlated with coronary lesion progression in thirty-two post-infarction men, even after controlling for HDL-cholesterol and dense LDL apo B (49) . In a landmark study by Patsch et al. (46) , forty control subjects and sixty-one subjects with severe coronary artery disease (CAD) completed meal tolerance tests in order to assess postprandial lipaemia and CAD risk. Measures of postprandial lipaemia (peak and AUC values) were significantly greater in the CAD patients than in the controls (46) . Furthermore, postprandial lipaemic values predicted the presence or absence of CAD with 68 % accuracy by logistic regression analysis (46) . Although not synonymous with postprandial TAG, non-fasting TAG still provide a way to examine the blood lipid levels that a person may experience in daily life, and are more practical for large-scale studies. In a prospective study of 26 509 initially healthy women, fasting and non-fasting TAG were assessed over approximately 11 years of follow-up, and hazard ratios for incident cardiovascular events were determined (50) . Although both baseline fasting and non-fasting TAG levels correlated with cardiac risk factors and markers of insulin resistance, the relationship disappeared with regard to fasting TAG values after covarying total cholesterol, HDL-cholesterol and measures of insulin resistance (50) . On the other hand, the relationship between non-fasting TAG and cardiac events remained robust even in the fully adjusted model (increasing tertiles of non-fasting TAG levels: 1 (reference tertile), 1·44 and 1·98), thus supporting the use of non-fasting (or postprandial) TAG measures over fasting TAG measures when predicting cardiovascular risk (50) .
Mechanisms behind TAG and cardiovascular risk
The primary mechanism explaining how elevated TAG levels, be it fasting, non-fasting or postprandial, induce CVD is the subendothelial retention of lipoproteins, which initiates atherogenesis (51) . Circulating chylomicrons and large VLDL molecules, which are rich in TAG, are too big to penetrate the arterial wall, but smaller dense VLDL and other remnant molecules can enter the arterial wall and bind to proteoglycans (52) . The presence of these lipoprotein and remnant molecules, which can be elevated during acute postprandial lipaemia, initiates a local inflammatory response that includes macrophages and T cells that promote subsequent lesion development (51) . This hypothesis is in line with studies demonstrating that the extent of coronary blockage and subsequent CVD risk is associated with the degree of postprandial lipaemia following a high-fat meal (46, 49) . In addition, there are also data suggesting that carotid intima media thickness is significantly positively associated with the postprandial lipaemic response in both healthy and diabetic individuals (53, 54) . Further, many studies have provided evidence suggesting that markers of inflammation significantly increase in the presence of postprandial lipaemia, including plasma IL-8, neutrophil counts, ICAM-1 and TNF-α (36, 55, 56) . Another avenue by which lipaemia may increase cardiovascular risk is impaired endothelial function. It has been shown that endothelial function, measured as brachial artery blood flow, can be impaired in response to a high-fat meal, providing a potential mechanistic link between postprandial lipaemia and heart disease, independent of cholesterol (57) . Interestingly, a study by Erridge et al. (58) found a significant increase in circulating bacterial endotoxin following a high-fat meal, suggesting that low-grade endotoxaemia may contribute to the inflammatory state that occurs after a high-fat meal, and may explain the endothelial dysfunction that occurs during postprandial lipaemia. As a whole, evidence suggests several overlapping mechanisms by which elevated TAG levels, fasting or postprandial, may lead to increased CVD risk (Fig. 1) .
Similarities between glycaemia and lipaemia
As postprandial glucose and lipids both appear to fluctuate from homeostasis on a daily basis in normal living, and more importantly these aberrant responses appear to be strongly linked to cardiovascular risk, it may be worth considering them in unison, compared with independently as is currently common practice. However, in order to understand the ways in which glycaemia and lipaemia are linked, it is vital to discuss and recognise the overlapping metabolic pathways shared between dietary carbohydrate and lipids.
Uptake into peripheral cells
Circulating blood glucose is taken up by human cells via facilitated diffusion across the plasma membrane. There are at least six known GLUT that perform this task (59) . GLUT4 is the most widely acknowledged, as it is expressed on adipose cells, skeletal muscle cells, cardiac muscle cells and other insulinsensitive cells (60) . As insulin binds to its receptor, GLUT4 is translocated to the plasma membrane and glucose enters the cell (60) .
There are two primary ways in which lipid (specifically, fatty acids) can become available for energy use in the cytosol of a given cell. One option is for fatty acids to diffuse across the plasma membrane of the cell, similar to carbohydrate. These incoming fatty acids are either: (1) freed from TAG in lipoproteins by the action of lipoprotein lipase (LPL); (2) circulating bound to albumin; or (3) circulating as NEFA. The other option for fatty acids to become available in the cytosol is liberation from intracellular lipid pools. Regardless of how they arrive in the cytosol, fatty acids are typically found linked to fatty acid binding protein (61) .
In discussing the uptake of fat and carbohydrate into peripheral cells, it is worth considering the shared relationship of both glucose and fatty acids with the hormone insulin. As discussed previously (see the 'Mechanisms behind blood glucose and cardiovascular risk' section), insulin works to both allow entrance of glucose into peripheral cells and suppress the release of NEFA into circulation. Thus, insulin clearly plays a major role in the regulation of circulating glucose and fatty acids. Further, as elevations in circulating NEFA can precipitate augmented hepatic glucose production (27) , perturbations in the level of one substrate can affect the other. Therefore, based on the data there is a relationship between an individual's circulating levels of insulin, glucose and fatty acids, and consequently derangement of one substrate or mechanism (e.g. insulin sensitivity) can produce a downward metabolic spiral (25) . Another relevant consideration when discussing uptake of carbohydrate and lipid is the effect of dietary fats on insulin resistance. Evidence suggests that increased levels of fatty acids, both in the diet and in circulation, can play a role in the development of insulin resistance (62) . The level of fatty acids in the diet and circulation, as well as a the type, that is the proportion of SFA relative to unsaturated fatty acids, will be reflected in the fatty acid composition of peripheral cell membranes (63) . Higher levels of SFA in cell membranes appear to substantially hinder insulin action (62) . In addition, as Randle et al. (64) first suggested in 1963, elevated fatty acids are likely to compete with glucose for clearance via oxidation, resulting in elevated blood glucose, and thus high fatty acid intake can be directly responsible for the body's inability to clear glucose.
Over time this could lead to severely impaired glucose disposal and overt diabetes. It also appears that high levels of myocellular lipid can impair insulin sensitivity (65, 66) . As the traditional Western diet is typically high in fat, especially SFA, these findings represent additional ways in which dietary lipid and carbohydrate intake are interconnected in the determination of chronic disease risk.
Major metabolic pathways
The initial step towards obtaining energy from glucose present in the cytosol is glycolysis, followed by the Kreb's cycle and the electron transport chain (67, 68) . Glycolysis is a set of ten reactions by which glucose is converted to two molecules of a pyruvate, with two ATP molecules and one hydrogenated NADH molecule produced in the process. The newly generated pyruvate can have one of several different destinations, including entering the mitochondria and being converted into acetyl CoA via pyruvate dehydrogenase, or being converted to alanine or other amino acids, lactic acid, oxaloacetate or back to glucose.
In order to obtain energy from the fatty acids located in the cytosol, the final destination is the Kreb's cycle as well, although there is a longer and more complex path. The process of fatty acid oxidation, known as β-oxidation, is a four-step process that results in the products FADH2, NADH + H + and acetyl CoA being produced. The acetyl CoA produced via β-oxidation can either travel to the liver to form ketone bodies or condense with oxaloacetate to form citrate and enter the citric acid cycle.
(It should be noted that odd-chain fatty acids and unsaturated fatty acids require additional steps and/or enzymes compared with even-chain SFA, which were discussed here for simplicity.) Acetyl CoA, whether its original source was lipid, carbohydrate or otherwise, enters the citric acid cycle, also known as the Kreb's cycle, where it condenses with oxaloacetate to form citrate. Eight subsequent reactions occur, after which oxaloacetate is again present, thus making the process cyclic. During one round of the citric acid cycle, two carbon dioxide molecules, three NADH + molecules, one FADH2 molecule and one ATP molecule are generated. NADH + and FADH2 can then transfer their electrons to the electron transport chain, through which oxidative phosphorylation produces more ATP.
An overwhelmed pathway
It is important to consider the postprandial glycaemic and lipaemic responses together because they ultimately share similar destinations or outlets. Although details vary depending on the physiological site, carbohydrates and fats can generally 'compete' for clearance from the stomach, small intestine, bloodstream and within the peripheral cell. Specifically with regard to the latter, both carbohydrates and lipids are largely converted to acetyl CoA and enter the citric acid cycle and the electron transport chain, as previously discussed. Consumption of large-volume, energy-dense and easily digestible food precipitates substantial spikes in NEFA, TAG and blood glucose. As the fat and carbohydrate compete for clearance, the excessive upsurge of metabolic energy overwhelms the metabolic capacity of the mitochondria within adipose and skeletal muscle cells, as well as all other metabolically active cells (69) . Fatty acids and glucose swamp the citric acid cycle, which promotes the excess production of NADH + that outperforms the electron transport chain (2) . The buildup of NADH + raises the proton gradient within the mitochondria, promoting the transfer of single electrons to O 2 , generating free radicals that include the superoxide anion (2, 70, 71) . The elevated production of reactive oxygen species will subsequently oxidise LDL particles that have penetrated the endothelium and entered the subendothelial space (72, 73) . Oxidised LDL particles lead to an inflammatory cascade in the following ways: (1) increased expression of cellular adhesion molecules, which promote attachment and penetration of immune cells to the endothelium (74) ; (2) elevated release of pro-inflammatory cytokines (75) ; (3) activation of endothelial and smooth muscle cells (76) ; and (4) increased uptake of the oxidised LDL particles by M2 macophages, triggering additional release of pro-inflammatory cytokines (73) . Thus, the subendothelial penetration of lipoproteins and their subsequent oxidation by reactive oxygen species -both downstream results of the energy excess in circulation -can precipitate increased inflammation, sympathetic tone and vasoconstriction, as well as thrombogenicity and advanced glycation end products -all of which can increase an individual's CVD risk (2, 69, 77, 78) . Therefore, as both glucose and fatty acids can 'team up' to overwhelm the metabolic machinery of the body and produce the above response, it does not seem unreasonable to consider the glycaemic and lipaemic responses in the postprandial period together.
Summing glucose and TAG to characterise 'metabolic load index'
Given the potential utility and value in assessing postprandial glycaemia and lipaemia in unison, we suggest a summative index that we have termed 'metabolic load index'. To create an MLI score, the clinician or scientist could simply combine the values of circulating blood glucose and TAG:
For instance, if considering a single time point, glucose and TAG could be summed to determine the MLI in mg/dl for that point in time. The principle would remain the same if AUC was being considered: simply sum the TAG and glucose AUC values. In this way, the researcher and clinician could get an idea of the overall metabolic load, or challenge, that the patient or participant is experiencing, as well as the volume of circulating available energy, either at that specific time point or over time (such as following a meal). Fig. 2 demonstrates MLI utilising published data from our laboratory, which displays hourly changes in glucose, TAG and MLI following a high-fat meal (79) . The test meal consisted of ice cream and whipping cream (1 g/kg body weight carbohydrate and 1 g/kg body weight fat, approximately 60 % fat, 20 % carbohydrate). MLI is the sum of TAG and glucose at each time point. It is interesting to note that, as the meal contained approximately 60 % fat, the MLI closely follows the change in TAG over time, most likely because of the large contribution of fat to the total energy content of the meal. Similarly, as the carbohydrate load in the meal was relatively low, the blood glucose response was marginal and negligibly affected the MLI during the postprandial period. This test meal was high in fat, and few people would likely deem the meal 'healthy'. However, if blood glucose response was the main/only outcome of interest, the conclusion after consumption of such a meal could be that metabolic disturbance was minimal, although this is clearly not the case when the TAG and MLI responses are considered together. Thus, clinically, assessment of MLI could provide a measurement of metabolic challenge or disturbance without biasing towards glucose or TAG alone. Further, consideration of MLI may be more relevant when determining metabolic responses to mixed meals that are more typically consumed in daily living, as compared with an all-lipid or all-carbohydrate meal, as is used in an OGTT.
To support this notion, there is evidence indicating that postprandial fat and carbohydrate metabolism are not independent processes, and alterations in one can affect the other. An early study elucidating this relationship was conducted by Albrink et al. (80) in 1958 in which a 60-g fat meal was consumed with and without 100-250 g of added glucose. The authors found that the addition of glucose either diminished or completely abolished the postprandial rise in TAG, depending on the amount of added glucose (80) . In a related study several years later, Mann et al. (81) found that postprandial lipaemia was cleared more slowly following a meal that contained a glucose load compared with a meal that contained sucrose. These early findings have been supported by several more recent studies demonstrating similar results (82) (83) (84) . In a randomised cross-over study, Westphal et al. (84) investigated the effect of adding 75 g of glucose to a high-fat meal compared with a high-fat meal without the added glucose on TAG, VLDL and chylomicrons (Fig. 3) . The addition of glucose to the meal resulted in a delay in the TAG response, as well as a lower peak (84) . There was also a 42 % reduction in incremental AUC for the meal with glucose Hourly changes in glucose, TAG and metabolic load index following a high-fat meal. These data were taken from a previously published study in our laboratory (79) . This figure displays glucose (•),TAG (■) and metabolic load index (Δ) at baseline (time 0) and for 8 h during the postprandial period following consumption of a high-fat meal. With these data, fasting and postprandial metabolic load index can be determined by adding the TAG and glucose value at each time point. See the 'Summing glucose and TAG to characterise "metabolic load index"' section for more details. Values are means, with their standard errors.
compared with the fatty meal alone. Finally, there was a delayed chylomicron response and a blunted VLDL response. A similar investigation by Knuth et al. (83) demonstrated a reduction in postprandial plasma TAG in women following a fat meal containing additional carbohydrate compared with a fat meal alone. Collectively, these studies suggest that the addition of carbohydrate to a meal and the resultant glycaemic response alters the postprandial rise in TAG. The interrelationship between postprandial glycaemia and lipaemia also holds when adding fat to a high-carbohydrate meal (85, 86) . In an investigation by Collier & O'Dea (85) , when 50 g of fat (as butter) was added to 50 g of carbohydrate (as potato), the postprandial glucose response was significantly blunted compared with ingestion of potato alone. This mitigation was likely a result of delayed glucose absorption in the small intestine, consequent to a fat-induced repression of gastric emptying. Together, these findings suggest that postprandial glucose and lipid metabolism are not independent processes -rather they are interrelated, and consequently it would be valuable to consider them together.
There may also be merit in considering an energy-adjusted version of the MLI. Lipid typically yields approximately 38 kJ/g (9 kcal/g) and carbohydrate yields approximately 17 kJ/g (4 kcal/g). In an attempt to consider the amount of circulating energy in the bloodstream at a given time, there may be utility in adjusting the MLI equation to reflect the difference in energy yield between carbohydrate and fat, which could be accomplished via an 'adjusted metabolic load index' (A-MLI):
For instance, if an individual was found to have TAG levels of 120 mg/dl and glucose levels of 90 mg/dl, their A-MLI would be 6·09 kJ/dl (1·44 kcal/dl). Thus, the A-MLI would provide an equation through which to quantify or estimate the available circulating energy from fat and carbohydrate. However, there are some issues with the A-MLI, which include biasing towards TAG and presenting somewhat unusual units (kJ/dl (kcal/dl)). Nevertheless, the A-MLI may prove to be a valuable clinical tool in assessing the metabolic state. Research comparing MLI and A-MLI with regard to prediction of, and association with, health outcomes would be valuable.
Utility of the metabolic load index
What are some ways or instances in which utilisation of the MLI would be beneficial or enhance our understanding of an individual's metabolic status? First and most clearly, use of the MLI could better reveal the degree of metabolic challenge that a person is experiencing either while fasting or after a meal. This utility would be particularly applicable to patient populations, as it has already been previously discussed how fluctuations in postprandial glycaemia and lipaemia can be cardiovascular risk factors. Specifically, it may be valuable to develop a 'cut point' for fasting MLI, such as 200 mg/dl, as postprandial assessments may be too cumbersome in certain clinical settings. Particular patient populations for which assessing MLI would be valuable might include individuals with diagnosed CVD or type 2 diabetes. As metabolism of lipids and carbohydrates is so interrelated, consideration of the glycaemic or lipaemic response together would be valuable.
MLI would also be useful in terms of standardising responses across studies investigating postprandial metabolism. One of the most difficult aspects of compiling and comparing studies either investigating postprandial lipaemia or glycaemia (when a mixed meal is used) is the heterogeneity of test meal challenges that are utilised in the investigations. Although differences in the amount of total energy (and perhaps participants' body mass) would still need to be considered, MLI may help in comparing across studies that use meals of different macronutrient distribution but similar energetic value.
A current area of debate is the ideal proportion of macronutrients that should be consumed in a healthy diet. If the MLI response is similar between diets of different macronutrient distribution but similar energetic load, it may make the focus on select macronutrient profiles less prevalent.
Considerations of the metabolic load index
Given the novelty of the MLI, there are certainly considerations to be made. First, it has been shown that dietary fructose leads to postprandial metabolic responses that are different from dietary glucose (87) . Specifically, fructose consumption (compared with glucose) as part of a mixed meal will lead to:
(1) a greater TAG response, particularly in the latter stages of a postprandial assessment; (2) a comparatively negligible glucose response; and (3) a much more tempered insulin response (87) . However, we assert that the different metabolic responses of glucose and fructose do not represent a weakness of MLI, but rather a strength. Considering the different metabolic consequences of glucose and fructose, the outcomes of interest Diff -42 % Fig. 3 . Postprandial TAG responses to a high-fat meal with (▲) and without (□) 75 g of added glucose. The TAG response is blunted in terms of both peak value and time to peak when glucose is added to the high-fat meal. Incremental AUC (iAUC) is 42 % lower in the fat meal with added glucose compared with the fat meal alone (P = 0·017). *Mean value was significantly different from that of the meal with added glucose at the same time point (P < 0·05). Adapted with permission from Westphal et al. (84) . Diff, difference.
are nevertheless the same: circulating glucose and TAG, the two markers measured in the MLI. Thus, although fructose may lead to a greater TAG response and a lower glucose response compared with dietary glucose (87) , this will be captured in the MLI. If only considering the blood glucose response, one could surmise that fructose is better to include in a mixed meal because there is a much less blood glucose response. However, utilising the MLI, it can be seen that fructose still has substantial metabolic effects -though it more drastically alters the other component of the MLI equation, TAG. Thus, we assert that a strength of MLI is that it 'throws a broader net'. In other words, even though many nutrients clearly have differing metabolic effects such as glucose and fructose, MLI is better equipped than blood glucose or TAG assessment alone to capture the metabolic challenge that the body is experiencing. It would be valuable to determine an optimal postprandial time point to assess MLI. For instance, it appears that TAG measured 2 and 4 h after meal consumption have the strongest association with cardiovascular events (50) and that TAG tend to peak 4 h after a meal (88, 89) . In addition, one study has found that measuring TAG 4 h post a high-fat meal is a suitable surrogate for longer and more involved postprandial lipaemia assessments (90) . On the other hand, as previously discussed, postchallenge glucose tolerance is typically assessed in the context of a 2-h OGTT (11) , and 2-h glucose values are strongly related to CVD risk (12) (13) (14) . Clearly, there are differences in the timing of postprandial glucose and TAG responses and, consequently, in the timing of assessment to best ascertain an individual's disease risk. Considering these differences, it is difficult to state an optimal, single time point at which to assess MLI in clinical and research settings. It would be very worthwhile for future studies to address this question using large data sets of postprandial metabolic markers and disease risk outcomes. Similarly, a logical question is as follows: which individuals would benefit most from ascertaining their fasting and postprandial MLI? An expert panel statement has suggested that postprandial TAG assessments are most valuable in individuals with fasting levels between 89 and 180 mg/dl (91) . The rationale for this stance is that individuals with fasting TAG <89 mg/dl will typically show a negligible postprandial response, whereas those with fasting TAG >180 mg/dl will present an excessively delayed and exaggerated postprandial lipaemic response such that there is little diagnostic utility (91) . In line with this, there may be certain populations that could most benefit diagnostically from determination of MLI. It could be that individuals with very low or high fasting glucose and/or TAG levels may not benefit very much from the additional metabolic information provided via MLI. However, we are hesitant to state which individuals would and would not benefit from fasting and postprandial MLI assessment, given the current dearth of evidence to support a conclusion. Further, as addressed previously, with both glucose and TAG, postprandial values are typically better predictors of CVD risk compared with fasting values. Thus, there is no compelling evidence suggesting that individuals with certain fasting MLI values would not benefit substantially from a postprandial MLI assessment. It would be advantageous for future research to further explore this concept.
Finally, it is likely that genetics influences the postprandial MLI response. This supposition is based on the notion that gene variation has been found to contribute to inter-individual differences in both postprandial lipaemia and hyperglycaemia. With regard to postprandial lipaemia, the most heavily studied genetic regions have been the encoding of various apo genes, such as APOA1 (92) and APOC3 (93) , and genes encoding lipid metabolism enzymes such as LPL (94) and HL (hepatic lipase) (95) . A few areas of genetic contribution to hyperglycaemia include adiponectin gene polymorphisms (96, 97) , telomere length (98) and transcription factor 7-like 2 (TCF7L2) variation (99) , a transcription factor that is to date the most substantial genetic contributor to type 2 diabetes incidence (100) . Clearly, as there are established genetic contributors to both postprandial lipaemia and hyperglycaemia, it is logical to assume that genetic factors influence MLI as well.
Conclusion and future directions
It has been well established that postprandial glycaemia and lipaemia are risk factors for CVD. Specifically, postprandial glycaemia and lipaemia have been linked to increased disease risk by way of oxidative stress, inflammation and endothelial dysfunction, as well as other mechanisms. Although carbohydrate and lipids ultimately share similar clearing mechanisms, the fluctuations in these substrates in daily life, or experimentally following a test meal challenge, have historically only been considered separately. However, in light of evidence that postprandial glycaemia and lipaemia are not independent of one another, it does not seem unreasonable to consider both of these phenomena together in a single index. The concept of MLI, which is the sum of blood glucose and TAG, is valuable in that it considers the total metabolic challenge that the body is experiencing, either at a single time point or over time. In our opinion, the MLI carries significant potential clinical utility. It would be worthwhile for future investigations to assess MLI in the context of disease risk, investigating the relationship between MLI and markers of inflammation, oxidative stress, endothelial dysfunction and other risk markers. However, currently we do not know whether adding the two outcomes in a 1:1 ratio is the most accurate way to predict risk when considering glucose and TAG together. Thus, future work should seek to derive the best equation for assessing glycaemia and lipaemia simultaneously by using data from clinical populations and longitudinal studies.
